Background Socioeconomic and healthcare indicators are major determinants of health outcomes. The impact of social and healthcare inequalities on Brazilian morbidity and mortality indicators is of concern but it is not well studied.
Introduction
The association between socioeconomic status and health indicators has been widely studied, and it is recognized as a cause-effect relationship. Access to social services such as education, housing, food, as well as equitable income distribution is important determinants of individual health conditions. Gaps in the distribution of these goods have contributed to health inequalities worldwide. [1] [2] [3] [4] [5] [6] The same type of association, as described earlier, is applicable for healthcare, though less prevalent, in the literature. Marmot 7 stated that universal access to effective healthcare is a condition for a civilized society, and that those social goods prevent illness and suffering, but he considers this matter as being 'not problematic' and requiring 'no further elaboration'. Probably the case of central capitalist countries, where healthcare systems have less heterogeneous access, quality and technology, 8 in which those findings are based, are not easily comparable with the complex Brazilian health situation, both in terms of its epidemiological profile as well as the wellestablished, persistent inequality in allocation of public health resources, precludes such assumptions. 9 In Brazil, in the light of evident achievements for the public health sector since the 1990's, the analysis of different healthcare profiles should be included in analytic and predictive models, taking into account the impact of socioeconomic conditions. For instance, the purpose of the present study was to assess the association between socioeconomic and healthcare variables and morbidity and mortality indicators for Brazilian municipalities in 2001.
Methods
An ecological cross-sectional study was carried out using multilevel Poisson regression models. These models consisted of three levels: local (lower level), regional (intermediate level), a subdivision of Brazilian states and state (higher level). The numbers of units for each level were, respectively: 5505 municipalities, 136 regions and 26 states (the Federal District, composed by one municipality, was analysed together with its neighbour region and state). The regions composing the intermediate level, unlike municipalities and states, are not administrative units. They are defined by the federal government in order to promote regional development policies. 10 In 2000, their minimum population was 36 144 inhabitants, the maximum was 19 196 2 . The minimum number of regions per state is two, the maximum is 15 and the median 4.5.
The health indicators analysed were selected based on their ability to provide markers for the extremes of the epidemiological transition process, thus identifying differences constituting health inequities. 11 We used mortality rates due to infectious diseases as indicators of health related to the initial phase of the epidemiological transition, while mortality rates due to neoplasms and circulatory diseases were chosen to represent its current phase. Numerators of the mortality rates were counts of death certificates whose underlying cause pertained, respectively, to the Chapters I, II and IX of the 10th Revision of International Statistical Classification of Diseases and Related Health Problems (ICD-10). The source of mortality data was the Brazilian Mortality Information System. Morbidity indicators were selected as regards to their role as indicators of ambulatory care sensitive conditions (ACSC). These conditions are traditionally used as health management indicators, but there is evidence they could express morbidity severity at a population level. 12 Infectious bowel disease and diabetes were selected from the list of ACSC because they produced a large number of cases to provide stable rates. For hospitalization rates, the numerator was the count of hospital admissions whose causes were among ICD-10 codes A00-A09 (infectious bowel diseases) and E10-E14 (diabetes). The source of hospital data was the Brazilian Hospital Information System. Morbidity and mortality indicators were studied separately given the essential differences within these two health outcome subsets. 13 Threelevel Poisson mixed models with random intercept and otherwise fixed coefficients 14 were fitted for each one of five outcomes. The number of deaths was corrected for under-reporting (whose estimated value is 20%, depending on the region, age group and cause of death) while deaths and hospital admissions due to ill-defined causes were non-proportionally redistributed. 15 Under-reporting was corrected by modified James-Stein empirical Bayes estimators for events in delimited geographic areas were applied in order to increase the number of deaths in municipalities were under-reporting and high proportion of ill-defined events were identified.
At the local level, the independent variables covered the main dimensions of basic social policies other than healthcare, and all levels of complexity for the healthcare system. They represented the following dimensions: population (dependency ratios for those aged <15 and 65 years and older); education (proportion of children aged 7-14 attending school); income level (per capita income) and income distribution (Theil index); infrastructure (proportion of households served by water supply, sewage system and garbage collection); health financial autonomy (proportion of municipality budget allocated for healthcare); primary prevention (vaccine coverage in the first year of life); primary care (Family Health Program visits per inhabitant and basic medical procedures per inhabitant-the Family Health Program coverage was not regarded since it still showed low levels in 2000, the reference year); medium and high-complexity outpatient care services (specialized and high-complexity outpatient procedures per inhabitant); hospital services (hospital admission rate, 'hospital export rate': proportion of admissions per inhabitant in other municipalities and highcomplexity hospital procedures per inhabitant) and health human resources (number of physicians and nurses per inhabitant).
At the second and third levels, the selection of variables aimed to express upper level decisionmaking instances. At the regional level, independent variables were the proportion of urban population and 'hospital export rate' (proportion of hospital admission of patients living in the region, which occurred in hospitals located in different regions). At the state level, a health policy variable was proposed: the proportion of state and federal representatives as well as municipality mayors belonging to left-winged (pro public healthcare) or right-winged (pro private healthcare) parties. Political parties were thus dichotomized based on the voting patterns of their members over the approval of the Healthcare Chapter of the current Brazilian Constitution. 16 The source of data for socioeconomic variables was the 2000 Brazilian census official databases managed by the Brazilian Institute for Geography and Statistics (Instituto Brasileiro de Geografia e Estatística-IBGE). The source of data for (dependent and independent) variables related to healthcare were health information systems managed by the Ministry of Health's Informatics Department (Departamento de Informática do SUS-DATASUS), and for variables related to political parties, databases from the Superior Electoral Tribunal (Tribunal Superior Eleitoral-TSE) were used. All these databases can be freely downloaded from those institutions' websites.
Independent variables refer to year 2000, since most of them came from the latest Brazilian census. The outcomes were calculated for 2001 in order to introduce a time gap between the independent and dependent variables but keeping the features of a cross-sectional design.
To prevent model collinearity, variance inflation factors were calculated. Values of this factor up to 10 and an average value not considerably 41 were regarded as acceptable. 17 Given this was an exploratory study, the functional shapes between independent variables and investigated outcomes were not known. Thus, to prevent lack of adjustment, the original (numeric-type) independent variables were categorized in quartiles and the first quartile was the reference category. Alternatively, healthcare variables were dichotomized (availability or not of each procedure) in models when variables could not be included in the quartile format.
As the study comprised all Brazilian municipalities, regression models were weighed by municipality population size in order to stabilize variances in outcomes. The weighting procedure consisted of adding to the regression model a parameter known as offset, which is the natural logarithm of the expected number of events, obtained by outcome rate standardization. 18 For parameter estimation, a second-order penalized quasi-likelihood (PQL) algorithm, which consists of second order terms for Taylor series expansion, was adopted. After this linearization process, models were estimated through restricted iterative generalized least squares, which provides less biased estimates of the variance components and, when the outcomes are continuous, it coincides with estimation through restricted maximum likelihood. 19 Standard errors of regression coefficients were adjusted to allow extraPoisson variance. Variable selection was based on Wald tests for the hypothesis that all coefficients related to that variable were simultaneously equal to zero. This test was used in this study, even though it produces only approximate estimates for non-linear regression models. 20, 21 As for keeping the second or the third levels in the analysis, we assessed the magnitude of the random intercept variance at each level, also based on Wald tests. CIs of 95% were calculated for all fixed effects, whilst point estimates and standard errors are presented for the variance of random effects. All the calculations were made in MLwiN version 2.01. 22 
Results
Some findings were constant in all models: the presence of regional and state variability for the outcomes, extra-Poisson under-dispersion (outcomes showed variance lower than the mean) and inclusion of socioeconomic and healthcare variables. For instance, for infectious disease mortality, the Chisquare test result for keeping the regional level in the model was 38.26 (P-value ¼ 0.0013), and for keeping the state level in the model was 10.92 (P ¼ 0.0089); the variance for the outcome at the regional level was 0.0040 (SE ¼ 0.0007) and the variance for the outcome at the state level was 0.0149 (SE ¼ 0.0045); the measurement of the extra-Poisson variability resulted in a factor equal to 0.1719 (SE ¼ 0.0033).
The largest value of the variance inflation factor was 8.2 and the average was 2.7; that was considered an acceptable level of collinearity, hence all independent variables could be selected in all models. However, each model showed some specific features, as mentioned subsequently.
For infectious diseases mortality rates, per capita income, Theil index and high-complexity outpatient procedures showed a positive and non-linear association. An inverse dose-response effect was observed for household sanitation services. Household water supply and basic medical procedures showed a inverse non-linear association. Intermediate-complexity outpatient procedures showed an inverse association in the 3rd quartile, and hospital export rate in the 3rd and 4th quartiles. High-complexity hospital admission rate was another variable inversely associated to this indicator. Otherwise, at the state level, the 2nd quartile of the proportion of mayors belonging to liberal political parties was associated to higher rates (Table 1 ).
Neoplasms mortality rates showed positive doseresponse effect for dependency ratio at 65 years and older, per capita income and Theil index. The proportion of children aged 7-14 attending school was directly associated in the 3rd and 4th quartiles. The variable Family Health Program visits was inversely associated with this indicator. Only the 4th quartile of hospital fractions of high-complexity care was positively associated ( Table 2) .
The circulatory system disease mortality rate model evidenced the same effects as observed in neoplasms (Table 3) . Hospital admission rates due to infectious bowel diseases showed a positive dose-response effect for dependency ratio at <15-years-old, and a similar, but inverse, effect for the number of nurses per inhabitant. The proportion of households served by sewage system and high-complexity outpatient care procedures were inversely associated, and the variables Health Family Program visits and hospital export rate were directly associated to this indicator ( Table 4) .
As seen in the neoplasm and circulatory system disease mortality rate models, the diabetes mellitus model produced similar results to dependency ratio at 65 years and older, per capita income, Theil index, proportion of children aged 7-14 attending school and Family Health Program visits. The 3rd and 4th quartiles of the proportion of households served by any sanitary installation, and the availability of highcomplexity outpatient and hospital care were directly associated to this indicator. At the state level, the direct effect was observed for the 2nd quartile of the proportion of mayors belonging to liberal political parties (Table 5) .
Discussion
This study intended to assess the association between morbidity and mortality indicators and socioeconomic and healthcare variables in Brazilian municipalities. Despite limitations discussed subsequently, some findings offer an opportunity for reflecting on the structure of the Brazilian epidemiological profile at the local level given the social and healthcare scenario in recent years.
The direct association found between income and income inequality with all mortality rates and diabetes mellitus hospital admission rates outlines a likely structuring of vital processes at the municipality level in Brazil, where high per capita income and income inequality together might have an adverse impact on some health outcomes. Recent studies have demonstrated existing mortality differentials related to income inequality in more affluent areas. [23] [24] [25] [26] [27] Morbidity in higher per capita income Brazilian municipalities may be affected by the same process, as showed in several studies. [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] As for aspects of the Brazilian health system structure evaluated in this study, it was found that the Family Health Program shows lower utilization rates where there are higher neoplasm and circulatory system mortality rates, as well as diabetes mellitus hospitalization. This finding may be a sign of sensible allocation of resources in accordance with the Programme's leading principles. The Programme aims at increasing healthcare access at less covered regions, which are at the same time the poorer and less served by infrastructure. 40 However, this supposedly adequate allocation for the Family Health Program was not accompanied by a positive impact on one of its target outcomes, since infectious bowel disease hospitalization was directly associated to the Programme productivity. High-complexity level of healthcare services and human resources allocation are in turn strongly structured in advanced demographic and epidemiological transition areas. This is evidenced by the positive association found between high-complexity outpatient care and all non-transmissible disease outcomes and between high-complexity hospital care and neoplasm mortality rates and diabetes mellitus hospitalization (the latter was also positively associated with the number of nurses per inhabitant). Previous studies demonstrated that Brazilian population ageing is more advanced in more developed areas of the country. The same has probably occurred with high-complexity healthcare supply and human resources allocation. [41] [42] [43] Further analyses, using a longitudinal design, are needed to understand the apparent lack of impact of the higher level of healthcare on health indicators related to nontransmissible diseases. The regression results for infectious diseases mortality rates showed a typically expected inverse relationship with basic sanitation coverage, 44 the same occurring for hospitalization due to infectious bowel diseases, which evidences how susceptible morbidity and mortality rates due to infectious diseases are to basic sanitation, recognizably poorly and unequally implemented in Brazil. 45 The contradictory scenario concerning the role of healthcare on mortality risk due to infectious diseases suggests some explanatory hypotheses: (i) a reducing effect of basic and intermediate-complexity outpatient procedures; (ii) lower infectious diseases mortality in areas with high-complexity hospital coverage corroborate other findings of this study, e.g. the positive relationship between outcomes related to advanced stages of the epidemiological transition process and the presence of a high-complexity hospital network; (iii) heterogeneity of infectious diseases subgroups, acting at different phases of the epidemiological transition process, constructing the 'epidemiological complexity' landscape, evidenced in Brazil by the coexistence of traditional, emerging and re-emerging infectious and parasitic diseases. 46 These hypotheses, however, should be tested in further analyses.
An effect of the political context was found at the state level. Inclusion of the variable related to the proportion of mayors belonging to liberal political parties in three models, whose outcomes operate at different stages of the demographic and epidemiological transition process, has three major implications. First, is the identification of political instances as strategic players for health policy definition, which is a principle of the Brazilian health system. Second, it shows an association between political decision making and health outcomes, even though, due to the study design, it cannot be considered a cause-effect relationship. Third, it shows the extent of application of Brazilian public health system principles involving the ideological affiliation of its politicians.
The effect of the variable related to the proportion of mayors belonging to liberal political parties was similar in the models for mortality rates by infectious diseases and neoplasms, and hospitalization due to diabetes mellitus: a positive association for the 2nd quartile and no association for the 3rd and 4th quartiles. A likely interpretation for these results is that there is a negative impact on these health indicators in states with low proportions of mayors belonging to liberal political parties (pro public healthcare), and that this negative effect is no longer found when this proportion increases. Thus, non-compliance with the Brazilian health system principles by local policymakers may result in negative health outcomes, showing the potential and actual impact of local health decision making in Brazil. 47 But this hypothesis can only be properly tested in more complex models.
This study presented methodological limitations that should be addressed. The most important of all are related to its cross-sectional design, which limits assumptions of causal relationships between exposures and outcomes. Thus, the confirmation of the time relationship between the independent variables and outcomes demands additional studies with longitudinal design.
The quality of data was a concern in this study. In order to minimize problems deriving from the quality of information, only governmental databases, used to provide official demographic and socioeconomic indicators, were utilized. Regarding the outcomes, acknowledgment that mortality information has under-registration and high proportion of illdefined causes (the latter occurring to hospitalization information as well) led to utilization of a correction approach to the mortality and morbidity data. Since the quality of health information is directly related to socioeconomic indicators, 48 not performing this correction would introduce a measurement bias in the analysis.
This study indicates a need for incorporating complexity into the analysis of the Brazilian epidemiological structure in recent years. This complexity is not only evidenced by the number and variety of independent variables that were associated with health indicators but also showed the need for considering higher hierarchical levels. Results of multilevel regression models revealed how the variance breaks up between and within regions and states concerning the health outcomes studied. Nevertheless, further compositional and contextual variables responsible for this variability are yet to be uncovered.
The analysis described here, using Brazilian health information data, can be useful to support research on health inequalities in other regions of the world, including developed countries, since the fast demographic ageing process experienced over the second half of the last century in many developing regions is promoting a convergence among population structures worldwide. 49 On the other hand, the implementation of neo-liberal healthcare reforms in developed countries over the last three decades is increasing the vulnerability of their social welfare system, and thus promoting an increasing similarity between the core and the periphery of capitalism. 50 Thus, there is a wide field to be investigated, in which old and new health determinants can be identified, integrated, analysed, and moreover, included in innovative proposals against persisting health inequalities.
KEY MESSAGES
Socioeconomic and healthcare indicators are associated with health outcomes at the municipality level in Brazil.
Processes occurring at higher levels of aggregation (regions and states) are responsible for part of the variability in mortality and morbidity.
Analysis of health outcomes at the community level must take into account the complexity of relationships between different dimensions of determination, including contextual and compositional effects.
